Background: The TAX 327 study compared 3-weekly docetaxel, weekly docetaxel or 3-weekly mitoxantrone, each with prednisone, for 1006 patients with metastatic hormone-refractory prostate cancer. Survival and symptom control were superior following 3-weekly docetaxel as compared with mitoxantrone. At progression, many patients were treated with the other drug. Here, we provide a retrospective report of survival and prostate-specific antigen (PSA) response after second-line therapy.
introduction
If prostate cancer is detected at an early stage, local treatments such as radical prostatectomy, radical external beam radiotherapy or brachytherapy are frequently offered. If prostate cancer recurs after local treatment or is diagnosed at an advanced stage, hormonal therapy is usually successful in controlling symptoms, reducing prostate-specific antigen (PSA) and shrinking the disease. However, androgen ablation therapy usually loses its ability to control tumor growth after an average of 2 years due to a multitude of molecular mechanisms that allows tumor growth in the face of a minimal concentration of androgens. Some men will benefit from further hormonal manipulation, but ultimately the disease becomes hormone refractory. Patients with hormone-refractory prostate cancer (HRPC) are candidates for chemotherapy, with the goals of prolonging survival and/or relieving, preventing or delaying symptoms due to the disease.
In the mid-1990s, mitoxantrone (given with low-dose prednisone or hydrocortisone) gained a role in the management of HRPC as a result of randomized trials that demonstrated that this well-tolerated drug led to palliative benefit in a subset of patients as compared with steroids alone [1, 2] . Mitoxantrone was registered by the United States Food and Drug Administration (FDA) for the treatment of HRPC in 1996.
In 2004, the results of two randomized studies involving docetaxel, TAX 327 and Southwest Oncology Group 99-16 were published [3, 4] . Both studies showed a significant survival advantage for men treated with docetaxel compared with mitoxantrone.
In the TAX 327 study, 1006 patients were randomized to one of three treatment arms: docetaxel (75 mg/m 2 ) every 3 weeks, docetaxel (30 mg/m 2 ) weekly for 5 weeks out of 6 or mitoxantrone (12 mg/m 2 ) every 3 weeks, each with prednisone or prednisolone 5 mg twice daily. The main results of this study showed significant improvement in overall survival for men treated with 3-weekly docetaxel: the median duration of survival obtained from a recent updated analysis [5] was 19.2 versus 16.3 months in the mitoxantrone group. Patients in the docetaxel group had a higher PSA response rate as well as a higher probability of reduction in pain and of improvement in quality of life (QoL) [3] . Adverse effects were also more common in the docetaxel arm. Docetaxel is now established as the first-line treatment of choice for most patients with HRPC who are considered suitable for chemotherapy.
The widespread use of PSA monitoring has resulted in earlier detection of metastatic prostate cancer, often in men without symptoms other than anxiety due to a rising serum PSA. As a result, many patients undergo chemotherapy earlier in the course of their disease. This stage migration has led to an increase in median duration of survival in recent clinical trials of first-line chemotherapy for men with HRPC [6] , and many men are now fit enough for further treatments after progression of disease after first-line chemotherapy. There is no standard second-line treatment in men with HRPC, although mitoxantrone is often given after progression on docetaxel and vice versa: the probability of response to second-line chemotherapy is not well established, although small series indicate that it is relatively low, especially for mitoxantrone given after docetaxel [7] [8] [9] . Here, we contacted investigators who managed patients in the TAX 327 study in an attempt to determine the PSA response rate among participating patients who were treated with the alternative drug following their initially assigned treatment.
methods
The TAX 327 study was a randomized phase III trial that involved >100 centers in 24 countries. Details have been published elsewhere [3] but, in brief, patients were required to have progressive adenocarcinoma of the prostate and evidence of metastatic disease by imaging or clinical examination. All patients were required to maintain their androgen ablation status by prior castration or administration of Gonadotropin Releasing Hormone agonist and at least 4 weeks had to elapse since the last hormonal modification. If progression was on the basis of a rising serum PSA, patients were required to have at least three successive rising PSA values. The Karnofsky performance status (PS) was required to be at least 60%, and patients were not allowed to have prior treatment with chemotherapy except for estramustine. Participants were required to have no peripheral neuropathy of grade II or greater, normal cardiac function and a blood count with at least 1500 neutrophils/l, a platelet count of at least 100 · 10 9 /l and hemoglobin of at least 10 g/dl. Patients underwent physical exam as well as imaging and determination of serum PSA at baseline; they were required to complete a pain questionnaire and to document their analgesic consumption and QoL using the Functioned Assessment of Cancer Therapy-Prostate (FACT-P) questionnaire [10] . Levels of serum PSA, pain, analgesic use and QoL were documented at 3-weekly intervals while on study. All patients provided written informed consent and the study was approved by local ethics review boards.
Information about therapy used after the initially assigned treatment was stopped, including use of mitoxantrone after docetaxel (Taxotere) or vice versa, and was available from the TAX 327 database. We then contacted investigators who had managed patients who were known to have crossed over from one drug to the other and inquired retrospectively about the date of crossover, reason for crossover and the dose and schedule of the drug received after crossover. We asked investigators to provide the number of courses received, the serial levels of serum PSA during and after crossover and the date of the last treatment. The date of death (or date last seen alive) of patients was available from the TAX 327 database, which our group has updated recently [5] . Descriptive statistics were used to summarize patient characteristics by treatment group. The Kaplan-Meier method was used to estimate survival outcomes. Since patients were not randomly selected for crossover, no statistical testing was carried out to compare results between treatment groups.
results
We identified 232 men who crossed over from one treatment to receive the other. Demographics and patient characteristics at time of randomization in the TAX 327 study are summarized in Table 1 . Eighty-nine men received 3-weekly docetaxel followed by mitoxantrone, 76 men received mitoxantrone after weekly docetaxel and 67 men received docetaxel after mitoxantrone (14 received weekly docetaxel 30-36 mg/m 2 , 24 received 3-weekly docetaxel 60-100 mg/m 2 ; the dose and schedule for the remaining 29 men were not specified). The patients who crossed over were a subset of the initially randomized groups; those allocated originally to the docetaxel arms had at that time somewhat greater disease burden as indicated by lower Karnosfky PS, higher values of serum PSA, alkaline phosphatase levels and more pain or analgesic intake than those crossing over from mitoxantrone to docetaxel arms (Table 1) . Table 2 specifies the duration of first-line treatment while enrolled in the TAX 327 study and the response to that treatment: patients who crossed over from the docetaxel arms had been on their initially assigned treatment longer than patients treated with mitoxantrone (median 21 versus 10 weeks). Concordant with the overall results from the TAX 327 study, patients crossing over from the 3-weekly docetaxel arm had experienced higher pain, PSA and QoL response rates than those assigned to receive mitoxantrone.
The median follow-up after crossover was 11 months and the majority of patients had died at the time of this analysis ( Table 3 ). The median survival from the date of crossover was 10 months for those crossing over in either direction. The Kaplan-Meier survival curves after crossover are shown in Figure 1 .
We received PSA data after crossover for 96 patients. The median baseline levels of serum PSA at start of second-line treatment were 183, 194 and 123 ng/ml for those assigned initially to 3-weekly docetaxel, weekly docetaxel and mitoxantrone, respectively. The percentage of patients who experienced at least 50% reduction in serum PSA was 9.8% in the D3/M group, 22.2% in the D1/M group and 28% in the M/D group with confirmed PSA responses observed in 7%, 14.8% and 20% of patients, respectively. A total of 34%, 37% and 72% of patients experienced some degree of reduction in serum PSA, respectively. The median PSA progression-free survival (PFS) was short at 3.2, 3.7 and 5.9 months, respectively.
Response to first-line chemotherapy did not predict response to second-line chemotherapy, although the sample size may be too small to reveal such a relationship. All responses needed to be maintained for at least 3 weeks. a PSA response was evaluated in men with initial serum PSA ‡20 ng/ml and required ‡50% reduction in serum PSA from baseline. b Pain response was evaluated in men with present pain intensity (PPI) ‡2
and/or Analgesic Score (AS) ‡10 at baseline and was defined by ‡2-point reduction in PPI with no increase in AS or a ‡50% reduction in AS with no increase in PPI. c QoL response was defined by ‡10% (16 points) increase in the FACT-P score.
PSA, prostate-specific antigen; QoL, quality of life. Confirmed PSA responses had to be maintained over at least 3 weeks. c PSA PFS was defined as the time from start of crossover treatment to an increase of 25% of PSA from baseline for nonresponders and an 50% increase of PSA from the nadir for responders. PSA, prostate-specific antigen; PFS, progression-free survival.
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Both mitoxantrone and docetaxel have shown activity in the treatment of hormone-resistant prostate cancer. The TAX 327 study has shown better results for initial use of docetaxel when compared with mitoxantrone and is therefore considered by most physicians to be the preferred first-line chemotherapy. Among the 1006 patients included in the TAX 327 study, 237 (23%) received the other drug as second-line therapy off study. This number is substantial considering that the efficacy of second-line treatment is not well established and that this patient population is frequently elderly and frail; it reflects the increasing use of second-line therapy in clinical practice. In our retrospective study, the PSA response rate was higher for docetaxel after mitoxantrone (28%) than for mitoxantrone after docetaxel (15%). These results are in line with results from other investigators, which we have summarized in Table 4 . The median time to PSA progression was in the order of 3.5 months for those receiving mitoxantrone after docetaxel and 5.9 months for those receiving docetaxel after mitoxantrone. The median number of cycles was also somewhat higher in those crossing over to receive docetaxel.
The present analysis has intrinsic limitations. The sample is relatively small (although larger than in other studies summarized in Table 4 ) and our ability to obtain more complete PSA data was limited by the response from investigators and, in some centers, by regulatory issues that prevented release of information due to expiry of ethics approval. The cohort was not equally distributed; patients receiving docetaxel after mitoxantrone had a lower level of serum PSA at time of initiation of second-line treatment compared with the patients receiving mitoxantrone after docetaxel. Fewer patients crossed over from mitoxantrone to docetaxel, which was probably due to the limited availability of docetaxel at the time of the study in some countries. Considering the retrospective nature and the geographical distribution of our patients, toxicity could not be accessed. We would expect toxicity to second-line treatment to be somewhat higher than to first-line treatment in line with the results of other small series (Table 4 ). The potential for increased toxicity and the short duration of second-line responses makes it less likely that palliative benefit will be achieved compared with treatment in the first-line setting.
The present data indicate that some patients with HRPC may experience a response to second-line treatment and that the rate of response to docetaxel after mitoxantrone is higher than the reverse. Most patients now receive docetaxel first line, and given the relatively low response rate to mitoxantrone as second-line treatment, patients who are fit for further chemotherapy should be referred for inclusion in clinical trials evaluating new approaches to second-line treatment when such trials are available. Second-line treatment is appropriate for patients with better PS, while those with poorer PS should be referred to palliative care [13] .
There is uncertainty about the optimal choice of a control arm in randomized trials of second-line chemotherapy for men with HRPC. A recent trial evaluated second-line satraplatin plus prednisone as compared with a control arm of prednisone alone (SPARC trial) [14] . A total of 950 patients was accrued and about half of the patients had received prior docetaxel. The results show significant longer PFS (11.1 versus 9.7 weeks), PSA response (25% versus 12%), tumor response and pain response for satraplatin and prednisone. The FDA and other agencies are currently awaiting survival data before considering approval of satraplatin as second-line treatment in HRPC. Considering the low response to mitoxantrone, the second-line control arm might reasonably be prednisone alone as in the SPARC trial, while other investigators might prefer to use mitoxantrone and prednisone in the control arm, as in the randomized phase II trial of ixabepilone versus mitoxantrone, each with prednisone [13] .
In conclusion, second-line treatment for men with HRPC is not well established and fit patients should be enrolled in clinical trials where available. Second-line treatment with mitoxantrone after first-line docetaxel has modest activity and should be reserved for fit patients in the absence of clinical trials. acknowledgements
